may determine the magnitude of the aerosol induced direct forcing. Furthermore, aerosols 98 also constitute the seeds upon which cloud droplets form (Ramanathan et al., 2001) . 99
Improved understanding of the spatial and temporal variability of the microphysical 100
properties of the aerosol in the Arctic is required in order to determine the magnitude and 101 direction of future climate change in this important region. 102
103
The Arctic aerosol has been shown to be highly variable. Broadly, over the Arctic region 104 the aerosol mass, surface area and number size distribution properties are a strong 105 function of season, and this seasonality is repeated from year to year (Freud et Station Nord (Nguyen et al., 2016) . All studies broadly converge in a similar scenario: the 125 haze period characterized by a dominating accumulation mode aerosol (March-May), is 126 followed by the sunlit summer with high concentration of small particles (June-August). 127
The remaining year is characterized by low concentration of accumulation mode particles 128 and negligible abundance of ultrafine (<100 nm) particles (September-February). 
143
To the best of our knowledge, no long-term studies on Arctic aerosol have identified 144
several distinctively different accumulation mode aerosols. In this study we provide further 145 evidence that multiple accumulation mode aerosol clusters exist in the Greenlandic high 146
Arctic, and that these are present at different proportions throughout the year. These 147 accumulation mode aerosol clusters are characterized both physically and chemically, and 148 statistically significant differences are highlighted. In conclusion, the aim of the present 149 paper is to improve the understanding of Arctic aerosol accumulation modes, and to 150 describe them in tandem with meteorological parameters, gaseous concentrations, aerosol 151 chemical species and cloud condensation nuclei properties. having the majority of N9-915nm in particle sizes lower and higher than 100nm, respectively. 290
It can clearly be seen that the accumulation categories dominate the winter times 291 (January-March, 89-91%), whereas they present a minimum in summer months (June-292
August, 1-5%). October its occurrence decreases while the Aged category reaches its maximum relative 306 occurrence. The Aged category is largely absent from February to August. In the months 307
November to April the Haze category is dominant, reaching its maximum occurrence in 308
April. 309 310
The aerosol number and volume size distributions of the three accumulation aerosol 311 categories are shown in Fig. 2a and 2b , respectively. The Haze category appears with the 312 highest total number concentration of the three categories. Its number size distribution 313 peaks at Dp = 173 nm, and is unimodal in appearance. The Bimodal category depicts a 314 larger mode that peaks at Dp = 150 nm, which accounts for 53% of its average total 315 particle number concentration. The smaller mode around Dp = 38 nm accounts for the 316 remaining 47% of average total particle number concentration. The Aged category is 317 unimodal, with the maximum number concentration at Dp = 213 nm. The size range of our 318 SMPS measurements was limited to the maximum size bin of 915 nm, leaving the particle 319 volume size distributions incomplete (Fig. 2b) . 
Chemical Composition 384 385

Long-term (two year period between 2011 and 2013) MAAP (Multi Angle Absorption 386
Photometer) measurements of black carbon (BC) mass concentration were compared with 387 our accumulation aerosol classification (Fig 3a) . The highest average BC concentration of 388 77 ng m -3 was found concurrent with the Haze category. By contrast, the lowest (27 ng m -389
3 ) was found with the Bimodal category. Intermediate values were found for the Aged 390
cluster (55 ng m -3 ). This trend is in agreement with five months of SP-AMS measurements 391 conducted in 2016 (Fig 3a) . Arctic marine air masses are expected to be associated with 392 concentrations for the two different accumulation clusters at SS above 0.3%. This is very 465 interesting, given the higher N9-915nm in Haze than in Bimodal aerosols (Fig. 2a) . Most 466 CCN-active particles are typically sized between 50 and 150 nm diameter; traditionally a 467 typical cloud condensation nucleus (CCN) is considered to have a minimum diameter of 468 about 100 nm. Considering this threshold size, we find an average N>100nm concentration of 469 109 cm -3 and 54 cm -3 in the Haze and Bimodal clusters, respectively; whereas 470 concentrations of N<100nm are similar (54 cm -3 and 59 cm -3 , respectively; Fig. 2a). Fig. 4b  471 shows the CCN activated fraction (i.e. the ratio of CCN activated at a given 472 supersaturation over the total particle concentration at sizes Dp > 25 nm) for the two 473 aerosol clusters. For the Haze aerosols, the CCN activated fraction (CCN/CN25nm) 474 increases from 0.68 to 0.81 when SS increases from 0.1 to 0.4%; thereafter it increases 475 only slowly to 0.85 at a maximum SS of 1.0%. By contrast, the CCN activated fraction of 476 the Bimodal aerosols increases from 0.42 to 0.71 with SS increasing from 0.1 to 0.4%, and 477 from 0.71 to 0.88 when SS increases from 0.5% to 1.0%. As the smaller mode accounts 478 for 47% of the Bimodal particle number, this implies that these smaller particles must 479 contribute to the CCN concentrations even at relatively low supersaturations. Indeed, peaking in June-August. A first conclusion that can be drawn from the current study is that 534 a typical accumulation mode does not exist, and profound differences are found especially 535 between the Arctic Haze period and the summer period. Surprisingly the largest Dp 536 accumulation mode is not straightly associated with the Arctic Haze, but it is found during 537 fall and associated with humid conditions. A clear unimodal distribution is never found in 538 accumulation aerosols during the months of July and August (and most of June); rather, it 539 is mostly Bimodal, implying that aerosols originating from long-range transport to the Arctic 540 coexist with a smaller mode formed locally to regionally. However, sulfate is also produced by the oxidation of dimethyl sulfide (DMS) (Simo, 2001) . 564 DMS is of marine origin, and is produced in the upper ocean via interactions of multiple 565 biological processes (Gali and Simo, 2015) . During the Arctic summer, the impact of the 566 anthropogenic source is lower (42%), with a contribution comparable to that coming from 567 conditions. The effect of the background aerosol on liquid clouds has been identified as 586 one of the most important factors for reducing uncertainty in the aerosol cloud albedo 587 effect (Carslaw et al., 2013) . Moreover, the effectiveness of particles smaller than 100 nm 588 for cloud droplet nucleation is a large factor in that uncertainty. During summer the Arctic is 589 thought to be relatively free of anthropogenic influence, which means that dominantly only 590 particles from natural sources determine cloud droplet formation. This study shows that, 591 despite anthropogenic influence is maintained moderate through most of the summer, 592 natural sources have indeed a significant impact on particle number, and on facilitating 593 
